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GLOBAL CONTEXT


To stabilize CO2 concentration,needtodecarbonizetheenergysystem atseveral

timesthehistoricalrateof0.3%/y. Evenifelectricsectoriscompletely

decarbonizedby 2100,stabilization at550(450)ppm => 3(5)fold reductionin

carbonemissionsfrom directfuelusevs.IS92a.




W H Y CONSIDER H2 AS A FUTURE

ENERGY CARRIER?


•Zero ornear-zeroemissionsatpointofuse


•Low tozerofullfuelcycleprimaryemissionsofbothair

pollutantsand greenhousegases(e.g.H2 fuelcell

vehiclesofferlowest well-to-wheelsemissionsofany

fuel/engineoption)


•H2 can be madefrom widelyavailableprimary

resources(fossil,renewable,nuclear)


•Hydrogen offers MULTIPLE benefits


•Rapidprogressin H2 andfuelcelltechnologies




FullFuelCycle Emissions of Air Pollutants

(Emissionsfrom Alternative Fueled Automobiles Normalizedto


Adv.,Lightweight GasolineICEV)
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FULL FUEL CYCLE

GREENHOUSE GAS EMISSIONS


(Normalizedto Adv. Lightweight46 mpg GasolineICEV)

2


1.5


1


0.5


0


Adv.ICEVs Adv.ICE Hybrid Vehicles 

CurrentICEVs 

Fuel Cell Vehicles 



ll

EXTERNAL COSTS OF ENERGY

THERE ARE LARGE UNCERTAINTIES


• Greenhouse Gas Emissions $50-200/tC (costof

reducing C emissionsfrom energysystem)


• Air Pollution DamageCostsassociated withenergy

productionand use(primarilylong-term healtheffectsof

particulates).Uncertaintyincost(d.t.uncertaintiesin

emissionsfrom sources,atmospherictransportand chemistry,

dose,healthand otherdamage effects,economicvalueof

damages)rangesover1-2 ordersofmagnitude.


• OilSupplyInsecurity.For US,$20-60bi ion/y.(depending 

on howthisisallottedtosupply,~$0.35-1.05/galgasoline)




Range of Lifetime Externality Costs($)for Alternative Fueled

Automobiles(Low, Mid and HighEstimates)
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EXTERNALITIES COULD BECO ME AN

IMPORTANT DRIVER FOR H2


• H2 vehicleshavethelowestoverallexternalitycostsofany

vehicle/fueloptions.


• H2 couldaddress manyissuessimultaneously.


• Itishighlyuncertaintoday whatpreciseeconomicvalues

shouldbeassignedtoexternalcostsofenergy(climate

change,healtheffectsfrom airpollution,oilsupply 

insecurity).However, H2istheleastsensitivetothese

costs.




BARRIERS TO A HYDROGEN

ECONOM Y


• currentlackofa H2infrastructure;“chickenandegg”

problem 


• currenthigh costof H2 end-usetechnologies


• technical maturity:adaptingcurrenttechnologiesfora H2

energyeconomy couldspeed progress(e.g.onboard H2

storage,smallscale H2 productionsystems,fossil H2

productionwith CO2 sequestration);needforcodesand

standards


• lackofpoliciesreflectingtheexternalcostsofenergy
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MID-ATLANTIC REGIONAL CONTEXT


• Severalnon-attainmentareasforozone, CO,particulates


• State Climate Change Plansbeing developed


• Clean  Cities programs(Philadelphia,Pittsburgh, Baltimore, DC, DE, 

NorthJersey,West Virginia,Hampton Roads)


• Significantalternativefuelvehicledemonstrationprograms,and

availabiityofalternativefuelslikeCNG.


• Hometo H2 suppliersand users(chemicalandrefinery

operations),fuelcelland H2 energytech.companies,


• Mid-Atlanticregionislargeenergymarket,accountingfor~14%

ofpassengercarsand 11% oflighttrucksin US.
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H2 ECONO M Y: MID-ATLANTIC REGION

• Population =30 millionpeople


• ~18  millioncars;~7 million ighttrucks;~2millionheavytrucksand

buses(Ave. miles/yr/vehicle= 11,900; ave.fueleconomy for Light

Duty Vehicles= 20 mpg)


• Energy use11Trilion BTU/y  (27% coal,19% 

NG, 17% gasoline,14% nuclear,9% Distllatefuel)


• Installed Electriccapacity=95,000 M We, ~45% coal-fired,17%

nuclear,~3kWe/person


• IfalLDVs convertedto H2 FCVs,regionally


– NG  use wouldincreaseby ~29% OR


– Coaluse wouldincreaseby ~27% (~60 CO2injection wells,each disposing

of2500tonne/day wouldbeneededfor CO2 producedincoal->H2 plants)

OR


– Electricpower ~ 20,000 M We would beneeded oncontinuousbasis. Or~

40,000 M We off-peak powerfor12 h/d.




POTENTIAL APPLICATIONS FOR H2

VEHICLES IN MID-ATLANTIC REGION


• Transitbuses


• Other Centrally Refueled Fleetvehicles


• General Automotive Markets:LightDuty Vehicles




FLEETS ARE ATTRACTIVE INITIAL

M ARKETS FOR H2 VEHICLES


° Forcentrallyrefueledfleets,onlyalimitedfuel 
supplyinfrastructureisneeded. 

° Highleveloftechnicalcompetenceforpersonnel 
operating H2 refuelingstation. 

° Currentcompressed gasH2 storagesystems would 
provideadequaterangeforfleetservice(analogous 
to CNG) 



POTENTIAL ROLE OF CENTRALLY

REFUELED FLEETS IN DEVELOP MENT


OF H2 AS A TRANSPORTATION FUEL


°	 Inthe US,~0.8 millionnewlightdutyvehiclesaresoldinto centrally 
refueled,non-rentalfleetseach year. 

°	 Globally,centrallyrefueledurbantransitbusmarketscouldalsobe 
large(>200,000 buses/yearby 2010). 

°	 Centrallyrefueledfleet marketsarepotentiallylargeenoughtohelp 
“buy down”thecostof H2technologiessuch asfuelcellvehiclesover 
thenextdecadevia massproduction,ifthey capture majorfractionof 
these markets.(Mandated US ZEV and AFV markets mightbelarge 

enoughtoaccomplishsignificantcostreduction of H2 FCVs.)




Mandated ZEV Markets and Centrally Refueled Fleet Markets 
in ZEV States (CA, NY, MA, VT) 
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Fleet Vehiclesinthe Mid-AtlanticRegion

(Mid-Atlantic Region has~13% of USfleetLDVs


or~0.1 milion new centrallyrefueled LDVs peryear.)


Total# 
Fleets 

10+ Veh 

Fleetautos 
(% total 
autos) 

Fleetlight 
trucks 

(% total lt. 
truck s) 

AllFleet 
vehicles 
including 

heavy trucks 
and buses 
(% total 
vehicles) 

PA 6060 166715 200728 546352 

NJ 4001 139493 157077 416552 

DE 471 11403 20510 49267 

MD 2277 78418 112233 262599 

VA 3094 108253 122316 329802 

W VA 920 24356 45118 85987 

DC 269 8160 19533 43804 

TOTA L 17,092 536,798 
(3%) 

677,515 
(9%) 

1,734,363 
(7%) 

ME  



Nearterm H2 SupplyOptions
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Longterm H2 SupplyOptions

H2 FROM HYDROCARBONS w/CO2 SEQUESTRATION 
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H2 SUPPLY AND DE MAND

H2 Dema nds kg H2/ day 

1 H2 FCcar(82 mpg,11,000mi/ y) 0.375 

1 H2 FCBus(7 mpge, 50,000mi/ y) 20 
100-1000H2 FCcarfleetcars (82 mpg, 
17,000mi/ y) 

58-580 

100–1000FCBuses 2000-
20,000 

100 ,000 ca rs ( ~1% of  ca rs in L A ) 37 ,500 

1 million ca rs ( ~10%  of ca rs in L A ) 375 ,000 

10  million ca rs  ( ~100% ca rs in L A ) 3 ,750 ,000 

H2  S upplies kg H2/ day Size ofH2 

FC carfleet 
supported 

Size of 
H2 FC Bus 
fleet 

CompressedH2 gas truck(1/day) 420 1120 21 
Liquid H2 truck(1/day) 3600 9600 180 

Onsite electrolyzer 2.4-2400 6.4-6400 0.12-120 
Onsite steam methanereformer (SMR) 240-4800 640-12,800 12-240 

Munic ipal So lid W as t e Gas if ier ( was t e 
f rom c it y of 100 ,000 peo ple) 

12 ,000 32 ,000 600 

Indus t rial sc ale s t e am me t hane 
refor me r 

48 ,000 -
480 ,000 

128 ,000 -
1 ,280 ,000 

2400 -
24 ,000 

Co al gas ifier H2  plant w/CO 2 se q. 150 ,000 -
600 ,000 

400 ,000 -
1 ,600 ,00 

7500 -
30 ,000 

H2 f rom 10%  of NG Flow int o L A 1 ,700 ,000 4 ,533 ,333 85 ,000 

H2 f rom 1000 MW of f- pea k po wer 240 ,000 640 ,000 12 ,000 

Conversion Factors:


1 kg H2 = 0.14 GJ(HHV) ~1 gallon gasoline; 1tonne/day = 0.4 milion scf/d


1 kW H2 = 0.6 kg H2/day;1 FC Carrequires~0.6 kW H2 production capacity
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HYDROGEN ENERGY ECONOMY W/CO2 SEQUESTRATION 
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POLICIES WILL PROBABLY BE

REQUIRED TO BRING ABOUT A H2


ECONOM Y,

INCLUDING VALUATION OF


EXTERNALITIES

In world where H2is widelyusedexternalities wilbe more

importantthantheyarenow. Political willand markets

willevolvetogether,reflectingprofound changesinhow


we view energyasasociety.


Factorsthatcouldaccelerateadoption of H2: 1)technical

breakthroughs,and 2)potential marketpullof

fundamentallynew productsandservicesenabled bythe


useof H2 orfuelcells.




POLICIES TO ENCOURAGE USE OF H2

°	 R&D on key concepts, whereabreakthroughcouldspeed 
theadoption of H2(e.g.H2 storage,smallscale H2 
production,CO2 sequestration) 

°	 Demonstration of H2 production,refuelinginfrastructure 
andend-usetechnologies;developmentofcodesand 
standards. 

°	 Policiestoencourage“buy-down” of H2technologiessuch 
asfuelcellsandencourage H2infrastructuredevelopment. 
Forexample,useof H2in ZEV fleets. 

°	 Policiestovalueexternalities:emissionsstandards(air 
pollutantsand Carbon),feebatesforclean efficient 
vehicles,fueleconomy standards,gasolinetax,carbontax 



CONCLUSION


• H2 andfuel-celltechnologies,although high-riskandlong-term,havea

potentiallyvery high payoff.Therefore,they deservesignificant

governmentsupportnow,sothatthey willbereadyin15-20 years,if

and when we needtodeploythem widely.


• Consistentpoliciesareneededtoencourageuseofcleanertransportation

systems withlowercarbonemissionsandto moveawayfrom ouralmost 

exclusivedependenceoncrudeoil-derivedtransportationfuels


•	 Comprehensivestrategy:Encourageuseofclean,efficientinternal

combustionenginevehiclesinthenearterm,coupled withalongerterm

strategy ofresearch,developmentand demonstrationof H2 andfuel

cells.
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Societal Lifecycle Cost($)for Alt.Fueled CarsIncluding

Drive Train,Lightweight Body,Fuel,and Externality


Costsfor Air Pollution,Greenhouse Gases, & O lSupply

Insecurity
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Lifecycle Cost($) of Alternative Fueled 
Automobiles for Low, Median and High 

Externality Values 
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FLEET M ARKETS IN THE US


. ~  12 millionvehiclesinthe US(4 millioncars,5millionlighttrucks,3

millionheavytrucks & buses)areinfleetsof10+


. ~ 75-80% oflarge business,ut ityand government LDV fleetsand >90%

ofbusfleetsarecentrallyrefueled


. About40% offleetcarsareindailyrentaluse(thesearenotcentrally

refueledandaresoldafter1-2years),therestarecentrallyrefueled and

aretypicallykeptfor100,000 miles.


. 90%  ofcentrallyrefueled LDVsareinfleetsof>100 cars.Typicalsize

100-1000 vehicles.


. Inthe US, weestimatethat~0.8million newlightdutyvehiclesaresold

intocentrallyrefueled,non-rentalfleetseach year.


. Ave.fleetLDV travels~50-100% more miles/yrthanave.passenger

LDV,sofleetsuseproportionally moreenergy)




Infrastructure CapitalCost($/kW)vs.Station Size 
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